The present study explored the relationship of neurocognitive performance and symptoms to coping responses at 3 and 8 days postconcussion. A total of 104 concussed athletes (M = 16.41, SD = 2.19 years) completed the Immediate Post Concussion Assessment Cognitive Testing (ImPACT) at baseline and the ImPACT and Brief Cope inventory at 3 and 8 days postconcussion. Concussed athletes reported more frequent use of selfdistraction, behavioral disengagement, religion, and self-blame 3 days postconcussion compared with 8 days. Concussed athletes reported more use of avoidance coping at 3 days than 8 days (Wilks's Lambda =.95, F [1, 100] =4.71, p = .032, η 2 =.046) post-injury. Total symptoms were also a significant (p = .001) predictor of avoidance coping 3 days postconcussion and decreased visual memory was associated with increased avoidance coping (p = .03) 8 days post-injury. Time since injury likely impacts neurocognitive performance, symptomology, and coping. Clinicians should be aware of higher reported symptoms early and lingering visual memory deficits 1-week post-injury.
Athletes who sustain a concussion often present with a myriad of physical, emotional, cognitive, and neuropsychiatric symptoms (Kontos et al., 2012) . The concussive symptoms are often inconsistent in presentation and the prognosis (i.e., return to play) is uncertain. Moreover, concussion not only affects the athletes' participation in sport but also can adversely influence social and academic function, which are commonly recommended restricted environments for the concussed athlete. (McLean, Temkin, Dikmen, & Wyler, 1983) . These restrictions, which are necessary for adequate recovery (McGrath, 2010) , are often frustrating and difficult to adhere to and can lead to negative affective consequences (e.g., depression, irritability, anxiety).
In general researchers have shown a relationship between injury in sport and declines in emotional health (Hutchison, Mainwaring, Comper, Richards, & Bisschop, 2009 ). However, the emotional disturbances associated with a concussion differ from the emotional disturbances that accompany musculoskeletal injuries (Hutchison et al., 2009; Mainwaring, Hutchison, Bisschop, Comper, & Richards, 2010) . Specifically, Hutchison et al. (2009) reported that concussed athletes demonstrated higher levels of fatigue and elevated mood disturbance compared with athletes with a musculoskeletal injury. Moreover, Mainwaring et al. (2010) reported that athletes with a concussion showed a significant rise in total mood disturbance 4 days post-injury and had higher total mood disturbance, albeit nonsignificant, when, compared with their musculoskeletal injury counterparts. These data suggest that the psychosocial effects of concussion are unique and call attention to the types of coping strategies that may be beneficial for concussed athletes. Mainwaring et al. (2010) also emphasized that the emotional sequelae that may present with concussion should be addressed in conjunction with clinical protocols used for concussion management (e.g., symptom reports and neurocognitive test performance).
Effective coping efforts have been linked to improved outcomes following musculoskeletal sports injuries (Gould, Udry, Bridges, & Beck, 1997) . However, very few researchers have examined the relationship between coping and concussion outcomes (Woodrome et al. 2011 ). Woodrome et al. examined the relationship between emotion-and problem-focused coping strategies and post-injury symptoms for concussions and orthopedic injuries in youth athletes. Emotion-focused coping is the regulation of distressing emotions, while problem-focused coping centers on engaging in action to correct the problem causing distress (Folkman & Lazarus, 1980 , 1985 . Emotion-focused strategies were positively related to injury symptoms in both the concussion and orthopedic injury groups, whereas, higher problem-focused disengagement strategies were associated with more postconcussion symptoms. The findings may indicate that the nature of coping following concussion presents more problem-focused challenges-possibly due to unfamiliarity with concussion symptoms-than orthopedic injuries, thereby resulting in more problem-focused strategies. These researchers concluded that coping plays an important role in symptom reporting following concussion and that youth athletes with concussion may have exacerbated postconcussion symptoms if using problem-focused disengagement strategies (Woodrome et al., 2011) . However, these researchers only examined post-injury symptom reports, not neurocognitive test performance, which plays an important role in the multifaceted approach to concussion management (McCrory et al., 2009) .
Decreased performance on neurocognitive tests is often documented in athletes with a sport-related concussion. These neurocognitive impairments can occur with and/or without increased symptom reports (McCrory, et al., 2009) . It is believed that concussed athletes would engage in problem-focused coping strategies to deal with this cognitive impairment following injury. However, concussion may also cause emotional distress for the athlete as a result of frustrations associated with cognitive impairment (Bryant, Marosszeky, Crooks, Baguley, & Gurka, 2000; Lau, Lovell, Collins, & Pardini, 2009 ) and withdrawal from sport and academic life. This emotional distress and frustration may lead to emotional-focused coping strategies (Gould, et al., 1997; Tracey, 2003) . Surprisingly, researchers have yet to examine the relationship between neurocognitive performance, concussion symptoms, and coping responses following concussion. Therefore, the primary purpose of this study was to explore the relationship of neurocognitive performance and symptoms to coping responses at two subacute time intervals (i.e., approximately 3 and 8 days) following concussion. A secondary purpose of the study was to examine potential changes in coping responses following concussion across two subacute time intervals.
Method Participants
A total of 104 athletes (73 males, 31 females) incurred a concussion during a 4-year surveillance period (2006-2010; see Table 1 ). Athletes were 14-22 years with a mean age of 16.41 (SD = 2.19) years. The majority of participants were high school athletes (76%, n=79) with 24% (n = 25) at the collegiate level. The overall concussion history for the sample was 1.20 (SD = 1.26) previous concussions.
Measures
Operational Definition of Concussion Concussion was defined as "a complex pathophysiological process affecting the brain, induced by traumatic biomechanical forces" (Aubry et al., 2002; McCrory et al., 2005) . For an operational definition, a concussions were required to meet the following diagnostic criteria: 1) presence of on-field signs (e.g., posttraumatic amnesia, loss of consciousness) and symptoms (e.g., dizziness, headache) as determined by a certified athletic trainer or team physician, 2) decrease from baseline levels in at least one postconcussion neurocognitive score determined by reliable change estimates.
Immediate Post Concussion Assessment Cognitive
Testing (ImPACT) The ImPACT neurocognitive test battery was used for this study. The ImPACT neurocognitive test battery is made up of three categories. The first section consists of demographic information that includes age, sport participation, history of alcohol and drug use, learning disabilities, attention deficit hyperactive disorders, treatment for migraines, major neurological disorders, and history of previous concussion. In the second section, participants will selfreport a total of 22 concussion related symptoms based on how they are feeling at the moment using a 7-point Likert scale (0 = not experiencing this symptom, and 6 = severely experiencing this symptom).This 22-item PostConcussion Symptom Scale (PCSS), has been endorsed by the Concussion in Sport Group (Aubry, et al., 2002) . The third section consists of six neuropsychological test modules that evaluate the participants' attention processes, visual working memory, verbal recognition memory, visual processing speed, reaction time, numerical sequencing ability, and learning. For more information on the ImPACT test battery, see Lovell et al. (Lovell, Collins, & Podell, 2000) . The ImPACT yields four composite scores that include verbal memory, visual memory, motor processing speed, and reaction time. These four composite scores are automatically produced at the conclusion of taking the ImPACT test. A higher score by the athlete on verbal and visual memory, and motor processing speed indicates better performance. A lower score on reaction time indicates a faster reaction time, thus better performance. The reliability and validity of ImPACT is published elsewhere for participants used in the present age group (Iverson, Brooks, Collins, & Lovell, 2006; Iverson, Franzen, Lovell, & Collins, 2004b; Schatz, Pardini, Lovell, Collins, & Podell, 2006) .
Brief COPE The Brief COPE (Carver, 1997) was used to measure coping responses during recovery of a concussion. The Brief COPE is a measure modified from the original COPE (Carver, Scheier, & Weintraub, 1989) . The Brief COPE consists of 28-items with 14 subscales that include planning, seeking emotional social support, seeking informational social support, religion, active coping, acceptance, positive reframing, humor, behavioral disengagement, venting, self-distraction, selfblame, denial, and substance use. Participants rate on a 4-point Likert-type scale (anchors: 1, I haven't been doing this at all; 4, I have been doing this a lot) how often they engage in each type of coping response. Each subscale is derived by computing the sum of two related items, resulting in a possible range of scores between 2 and 8. In addition to the 14 subscales, Snell and colleagues (Snell, Siegert, Hay-Smith, & Surgenor, 2011b) reported that within a population of individuals with a concussion, a three factor analysis on the Brief COPE revealed a problem-focused or approach factor, an avoidant or dysfunctional coping factor, and a help-seeking or social coping factor. Specifically, the Brief COPE subscales can be aggregated into three coping response factor scores: 1) approach (includes-planning, positive reframing, humor, religion, and active coping); 2) avoidance (includes-denial, venting, behavioral disengagement, self-blame); and 3) social (includes-emotional support, instrumental support). Researchers have interpreted approach coping to be associated with better adjustment and adherence to treatment protocols, whereas avoidant coping styles are associated with poor health outcomes, greater symptom load, poor adherence to treatment protocols, and increased distress (Taylor & Stanton, 2007) . The social coping factor has been interpreted as a "help-seeking" behavior an individual may exhibit when presented with a stressor (Snell et al., 2011a) . The Brief COPE has been used with sport and nonsport populations including both adults and adolescents (Garcia, 2010; Huang, Wen, Chen, & Yu, 2010; Kapsou, Panayiotou, Kokkinos, & Demetriou, 2010) . The Brief COPE demonstrated acceptable reliability across the fourteen subscales, with coefficients ranging between .50-.82 (Carver, 1997) . In addition, exploratory factor analysis was examined on a sample of concussed subjects by Snell and colleagues (Snell et al., 2011b) who reported a Cronbach's alpha ranging between .50 and .83 for the 14 subscales and .77-.84 for the three coping response factor scales.
Procedures
Institutional review board approved the research study before data collection. Parental consent and child assent were obtained for all minors, while consents were obtained from all collegiate athletes. All athletes completed a baseline ImPACT neurocognitive test which took approximately 30 min to complete. Any athlete who sustained a concussion was administered the ImPACT test, followed by the Brief COPE at approximately 3 (M= 3.01, SD= 2.4) and 8 (M= 8.34, SD= 3.4) days postconcussion. When managing a concussed athlete, typical protocol for sports medicine professionals is to administer the first ImPACT test between 2 and 3 days postconcussion then another ImPACT test approximately 1 week following their concussion. This tracks the cognitive recovery of a concussed athlete. All test administrations were supervised by trained and certified athletic trainers.
Results

Neurocognitive Decrements and Increased Symptoms Following Concussion
The results of a series of repeated measure ANCOVAs were performed on each of the four ImPACT composite scores. History of concussion was used as the covariate for all ANCOVAs. Statistical significance for all analyses was set at p < .05. The ANCOVAs supported significant within-subjects effects for time for verbal memory (Wilks's Lambda =0. Visual memory was also significantly lower than baseline at 3 (p = .001) and 8 days (p = .001) post-injury. Athletes exhibited more total concussion symptoms at 3 (p = .001) and 8 (p = .001) days postconcussion compared with baseline. Reaction time was slower than baseline at 3 days (p = .001) postconcussion, but significantly improved at 8 days (p = .015). There were no significant within-subjects effects for motor processing speed (Wilks's Lambda = 0.96, F [2,77] = 1.52, p = .23, η 2 = .04; see Table 2 ).
Multiple Regressions for Coping Responses at 3 and 8 days Postconcussion
A series of standard multiple regressions (MR) were performed with each of the three coping response factors (i.e., approach, avoidance, social coping) as the outcome variables and the four neurocognitive performance composite scores (verbal/visual memory, visual processing speed, RT) and total symptoms as predictors were conducted for the time intervals of 3 (N = 95) and 8 (N = 92) days postconcussion. The regression models for the approach and social coping factors at 3 days postconcussion were not significant (see Table 3 ). The results of the regression for the avoidance factor produced a significant (F (5, 95) = 2.64, p = .03, R = .36, R 2 = .13) model. However, the adjusted R 2 suggested that the five predictors in the model accounted for only 8% of the variance in avoidance coping. In addition, only total symptoms was a significant (p = .001) individual predictor of avoidance coping at 3 days postconcussion. The results suggested that more avoidance coping was used by athletes who report more total symptoms.
The regression models for the approach, avoidance, and social coping factors at 8 days postconcussion were not significant (see Table 4 ). However, within the avoidance model, the individual predictor visual memory was significant (p = .005). Given this relationship and that visual memory was moderately correlated with several other predictors, we ran a linear regression with only visual memory as the predictor and avoidance coping as the outcome. The results of the model were significant (F [1, 92] =, p = .03, R = .24, R 2 = .06). However, the adjusted R 2 suggested that the visual memory score accounted for only 5% of the variance in avoidance coping at 8 days postconcussion. The results suggest that athletes who scored lower on the visual memory composite used more avoidance coping.
Repeated Measures ANCOVAs for Coping Responses at 3 and 8 Days Postconcussion
A series of repeated measures (time-baseline, 3, and 8 days) analysis of covariance (ANCOVA) with Bonferroni correction for multiple comparisons were performed on all 14 Brief COPE subscales. In addition, a repeated measures (time-baseline, 3, and 8 days) ANCOVA with Bonferroni correction for multiple comparisons were performed the three coping response factors (i.e., approach, avoidance, social coping). The results of the two (time) RM ANCOVAs with Bonferroni correction for multiple comparisons revealed significant within subjects effects for time on self-distraction (Wilks's Lambda = . Table 5 ). Specifically, all concussed athletes reported more frequent use of self-distraction, behavioral disengagement, religion, and self-blame at 3 days postconcussion compared with 8 days postconcussion. There were no other significant within subject differences on time for the remaining coping responses.
The results of a 2 (time) RM ANCOVAs for the three coping factors revealed significant within subjects effects for time on the avoidance factor (Wilks's Lambda =.95, F [1, 100]=4.71, p = .032, η 2 =.046). Athletes reported more use of avoidance at 3 days than 8 days. There were no significant differences for the approach factor (Wilks's Lambda = .98, F[1, 100] = 1.72, p = .193, η 2 =.017) and social factor (Wilks's Lambda = .99, F [1, 100] =.910, p = .343, η 2 =.009; see Table 5 ).
Discussion
The current findings partially support relationships between computerized neurocognitive performance and symptoms, and coping responses at two subacute postinjury time intervals. Specifically, higher total concussion symptoms at 3 days post-injury and lower visual memory composite scores at 8 days post-injury were related to higher levels of avoidance coping behaviors (i.e., denial, venting, behavioral disengagement). In addition, concussed athletes reported higher levels of avoidance coping behaviors at 3 days compared with 8 days post-injury. Finally, with regard to individual coping responses, concussed athletes reported higher levels of self-blame, behavioral engagement, self-distraction, and religion resources of coping behaviors at 3 days compared with 8 days following concussion.
The finding in the current study regarding visual memory and avoidance coping at 8 days post-injury is supported in part by previous research. Specifically, researchers have reported that among traumatic brain injury patients avoidance coping behaviors is associated with decreased executive functioning (Krpan, Levine, Struss, & Dawson, 2007) . Moreover, Bryant et al. (2000) suggested that cognitive impairments may predispose individuals to use more avoidant coping responses. They speculated that cognitive deficits associated with more severe brain injury may limit the ability to problem solve, thus leading to more avoidant behavior. This explanation is also plausible for mildly concussed athletes who not only are dealing with being cognitively impaired, but also attempting to meet the demands of their academic and social lives.
Researchers suggested that younger individuals have yet to develop adaptive coping strategies, therefore exhibiting lower levels of active, adaptive, and problemfocused coping strategies (Anson & Ponsford, 2006) . However, younger athletes may demonstrate higher levels of avoidance coping resources, which is a less effective strategy that may reflect an inability to cope with their injury. Concussed athletes may feel a lack of control over their injury due to the uncertainty of when they will recover and return to participation. This lack of control may, in turn, lead to frustration and other adverse emotional responses. As suggested by Anshel, Jamieson, and Raviv (2001) , it may be helpful for the injured athlete to use avoidance coping in an effort to reduce stress and increase perceived control of their injury.
The findings of the current study suggest that concussed athletes who reported more self-reported total concussion symptoms used more avoidance coping factors. However, there were no significant differences in approach or social coping factors and concussion symptoms. These findings are in contrast to Woodrome et al. (2011) who reported that among children with concussion, problem-focused disengagement resources (i.e., approach coping) were positively associated with symptoms. Similarly, Snell et al. (2011a) reported that concussed patients used more approach coping behaviors 3 months following their injury. These discrepant findings compared with the current study may be due to differences in nature of the samples and time since injury. Specifically, the current study included concussed athletes who did not present with long-periods of on-field loss of consciousness or posttraumatic amnesia. In addition, the current study examined concussed athletes subacutely up to 8 days post-injury, whereas, Snell and colleagues (Snell, Siegert, Hay-Smith, & Surgenor, 2011a ) examined patients at 3 months post-injury. With respect to time since injury, concussed athletes reported higher avoidance coping at 3 days post-injury compared with 8 days post-injury. Although avoidance coping is considered to be maladaptive, it is possible that concussed athletes prefer the use of such coping strategies immediately following injury due to the lack of clarity in recovery time. Roth and Cohen (1986) suggested that avoidance coping may be most useful when the situation is uncontrollable or when outcome measures are short term. Likewise, Carson and Polman (2010) suggested that avoidance coping strategies might allow athletes to gain perceived control of short-term emotional states to cope with a serious injury. Changes in mood and emotional upheaval have been documented acutely following concussion, (Mainwaring et al., 2010) and it is likely that during the first few days following a concussion athletes are frustrated with the uncertainty of the outcome and engage in avoidance coping behaviors. However, given that most concussions resolve within 7-10 days (McCrea et al., 2003) , the use of avoidance coping may no longer by useful at 8 days post-injury as the athlete nears recovery and return to participation.
It is also possible that subacute concussion symptoms may play role in the classification and utilization of avoidance coping behaviors. Persistent concussion symptoms may influence changes in mood that subsequently affect coping responses. For example, subacute headaches following a concussion may result in increased irritability, which in turn, may lead to venting or behavioral disengagement coping responses. Additional research examining the role of specific symptoms on coping responses is warranted.
Conclusion
The current study was the first to explore the relationship of neurocognitive performance, symptoms, and coping responses following concussion. The findings suggest that time since injury plays a role in any relationships among these variables; as increased symptoms predicted avoidance coping at 3 days post-injury, whereas, decreased visual memory scores predicted avoidance coping at 8 days post-injury. Clinicians should be aware of patients who report higher symptoms early in the course of recovery and have lingering visual memory deficits 1 week post-injury as they may use more potentially maladaptive avoidance coping following concussion. Patients with more symptoms early on and lingering visual memory deficits may also have more significant injuries and therefore require some form of positive coping mechanism. Clinicians could administer follow-up coping assessments to help identify patients who might benefit from coping enhancement (e.g., social support, information about the injury) that might enhance the recovery process and its ancillary negative effects. It is important to know that the coping strategy a clinician advocates to the athlete may not be what the athlete perceives is best for them (Anshel, 1996) . For example, although avoidance coping has been perceived to be maladaptive and preempting more effective coping strategies (Taylor & Stanton, 2007) , it has been shown to have positive short-term effects (Anshel, Jamieson, and Raviv, 2001; Carson & Polman, 2010) . However, approach coping strategies may be more beneficial long-term (Snell et al., 2011a) . Therefore, it is crucial for clinicians and athletes to maintain open communication with respect to which coping strategies are to be used.
